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Abstract: A soluble lectin was purified from the hemolymph of Agrotis segetum by two methods, via affinity chromatography on
a Sepharose-4B column and gel filtration on a Superdex-200 column. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) showed a single protein band with a molecular weight of 69,000 in both the presence and absence of 2Mercaptoethanol. Alternatively, the molecular weight of this lectin was estimated to be 69,000 by gel filtration on Superdex200.
Electron microscopic observation of the purified lectin was reticular in structure and consisted of tandem aligned spherical basic
units.
Key Words: Agrotis segetum, lectin (agglutinin), purification, molecular weight, transmission electron microscopy (TEM)

Agrotis segetum (Denis ve Schiff.) Hemolenf Lektininin Saflaflt›r›lmas› ve Moleküler
Yap›s›n›n Belirlenmesi
Özet: Agrotis segetum hemolenfinden çözünebilir lektin, Sepharose-4B kolonunda affinite kromatografisi ve Süperdex–200
kolonunda jel filtrasyonu metodlar›yla saflaflt›r›lm›flt›r. SDS-poliakrilamid jel elektroforezi 2-Merkaptoetanolllü ve 2Merkaptoetanolsüz olarak yaklafl›k 69,000 molekül a¤›rl›¤›nda bir protein band› göstermifltir. Superdex-200 jel filtrasyonuyla
lektinin yaklafl›k molekül a¤›rl›¤›n›n 69,000 oldu¤u tespit edilmifltir.
Saflaflt›r›lan lektinin a¤s› (retiküler) bir yap›da oldu¤u ve birbiri ard›na dizilmifl küresel birim yap›lardan meydana geldi¤i elektron
mikroskobunda gözlenmifltir.
Anahtar Sözcükler: Agrotis segetum, lektin (aglutinin), saflaflt›rma, molekül a¤›rl›¤›, geçirmeli elektron mikroskobu (TEM)

Introduction
Lectins (agglutinins) are cell-agglutinating proteins or
glycoproteins of non-immune origin that bind carbohydrates
without modifying them chemically. Lectins are either
soluble or membrane-bound. They exist in a wide variety of
plants, animals, bacteria and viruses (1). These molecules
are active in adhesion, recognition and immuno-protection.
Most research on invertebrate lectins is directed towards
their carbohydrate-based recognitory capabilities as humoral
and cellular immuno-substances (1-8). Lectins, by binding to
surface glycoconjugates on foreign substances, may serve as
a discriminatory link between nonself material and the
hemocytes involved in phagocytosis or encapsulation
reactions. Many invertebrate lectins agglutinate in vitro
foreign substances such as vertebrate erythrocytes,
bacteria, viruses and parasites (1-8). Other research
suggests that lectins cause drastic changes during the

metamorphosis of holometabolous insects (7,8). These
suggest that lectins may have important functions in the
renewal of cuticle, the degeneration of larval tissues and in
the development of adult tissues. However, there are few
articles about the functions of invertebrate lectins in vivo.
Functions, purification, sugar binding and physico-chemical
properties of hemolymph lectins are determined in several
insect orders, such as lepidopterans (4,8-13), dipterans
(14-16), hemipterans (8,17), orthopterans (2,5) and
dictyopterans (3,18).
The molecular weight of hemolymph lectins are
different between invertebrate species (2-4,6,8-10,1821). Also, some of these molecules have single or several
subunits. However, some of the lectins lack subunits
(6,9). There are a few articles on the structure of lectins
(3,20,22,23). Three of these papers focused on sea
invertebrates (20,22,23) and another on insects (3).
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This study will complete our previous study (24) on
cellular immunity in hemocytes of A. segetum. The
present work describes the purification, determination of
molecular weight as well as electron microscopic
examination of hemolymph lectin (as a humoral
substance) of A. segetum.
Materials and Methods
Insect Maintenance and Collection of Hemolymph:
The larvae of A. segetum were reared under laboratory
conditions (25). In this study, fifth instar larvae of A.
segetum were used in all experiments. Collected
hemolymph from larvae of A. segetum was exuded
immediately into microtubes, each containing satured 1phenyl-2-thiourea to prevent melanization, and kept in an
ice bath. Usually, 5 ml of hemolymph was collected from
about 25 or 30 larvae (irrespective of sex). The resulting
hemolymph was centrifuged for 15 min at 1,800 rpm
and then the cell-free hemolymph was separated into 100
µl or 1 ml aliquots and stored at -20ºC until use (5).
Purification of hemolymph lectin of A. segetum
a-Gel Filtration: Whole hemolymph (3 ml,
concentrated to a volume of ca. 1 mg protein) was
chromatographed on a column (2.6 x 60 cm, void volume:
3
318 cm ) (Bio Pilot Pharmacia) of Superdex-200.
Hemagglutination activity (against chicken erythrocytes)
of hemolymph was 1:32 titer prior to application to the
column. The column was developed at 24ºC, at a flow rate
of 2.6 ml/min with a buffered insect saline (BIS pH: 7.9)
consisting of 130 mM NaCl, 5 mM KCl, 1mM CaCl2, and
0.01 mM Tris-HCl (18). Column effluent was monitored
at 280 nm and 2.5 ml fractions were collected. The
amount of proteins from the collected samples was
measured by spectrophotometer at 280 nm. Each of the
fractions was also examined for hemagglutination against
chicken erythrocytes (1:8 titer). Pooled active fractions
were dialyzed against BIS for 24 h.
b-Affinity Chromatography: Sepharose-4B was
packed in a column (16 x 2.5 cm) and washed with BIS
(pH: 7.9) (18). The hemagglutinating activity of A.
segetum whole hemolymph was 1:32 titer against
chicken erythrocytes before being applied to a Sepharose4B column. The hemolymph containing hemagglutinating
activity (6 ml, concentrated to a volume of ca. 1 mg
protein) was slowly applied to the Sepharose-4B column
at a flow rate of 0.2 ml/min. Unbound serum proteins
were removed by washing with BIS. Bound lectin was
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then obtained by eluting with 0.2 M galactose in BIS.
Fractions of 2 ml were collected and then the absorbance
was monitored at 280 nm. Pooled fractions did not show
hemagglutinating activity against chicken erythrocytes. In
this connection, fractions were dialyzed extensively
against BIS to remove galactose (at 4ºC, 24 h). After
dialysis, lectin displayed hemagglutination activity against
chicken erythrocytes (1:16 titer). Active lectin samples
were stored at -20ºC for molecular weight determination
and structure examination (18).
Molecular Determination of Purified Lectin:
a-Gel Filtration: A column of Superdex-200 (2.6 x 60
cm, void volume: 318 cm3)(Bio Pilot Pharmacia) was
equilibrated with BIS (pH: 7.9) (18). The column was
calibrated with carbonic anhydrase (29,000), ovalbumin
(45,000), albumin (66,000), and phosphorylase-b
(974,000) at room temperature and a flow rate of 2.6
ml/min (18). The marker proteins were purchased from
Sigma Chemical Co. After calibration, the gel was reequilibrated in BIS for the processing of purified lectin.
The lectin sample (3 ml, concentrated to a volume of ca.
1 mg protein) was applied to the column, and
chromatography was carried out as described above.
Column effluent was monitored at 280 nm and 2.5 ml
fractions were collected. The amount of protein in the
collected samples (making up peaks) was measured by a
spectrophotometer at 280 nm.
b-SDS-PAGE: Electrophoresis on SDS-PAGE was
carried out by the method of Laemmli (26), using a 4.5%
(w/v) acrylamide stacking gel and a 12.5% (w/v)
acrylamide separating gel. The protein was dissolved in
sample buffer with or without 2% (w/v) 2mercaptoethanol and then heated for 5 min at 95ºC.
Samples were subjected to electrophoresis at 20 mA and
the gel was silver-stained as per the method of Vari and
Bell (27). The gel was calibrated with molecular markers
such as carbonic anhydrase (29,000), ovalbumin
(45,000), albumin (66,000), phosphorylase-b (974,000),
β-galactosidase (116,000) and myosin (205,000) for
molecular weight (MW) determination.
Electron Microscopy: Purified lectin was
concentrated to 100 µg/ml in 10 mM BIS (pH: 7.9)(17).
A small droplet of the lectin solution was placed on the
specimen grids. Air-dried samples were fixed in 2.5%
glutaraldehyde and then stained with 3% uranyl acetate
(3,21). The specimens were examined by a JEOL 100 CX
II Transmission Electron Microscope (TEM).
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Next, the purified lectin was examined by gel filtration
through a Superdex-200. The molecular weight of the
lectin was determined from the elution volume. Marker
proteins and purified lectin on Superdex-200 column
were eluted phosphorylase-b at 160 ml (A280: 0.910),
albumin at 234.6 ml (A280: 0.118), ovalbumin at 252.4
ml (A280:0.180), carbonic anhydrase at 320 ml
(A280:0.300) and purified lectin at 224.4 ml
(A280:0.060). According to the elution volumes of
marker proteins, a calibration graph was obtained (Fig.
5a) and the molecular weight of purified lectin was
calculated to be 69,000 (Fig. 5b).

Results
The hemolymph lectin of A. segetum was purified on
a Sepharose-4B column. Unbounded hemolymph proteins
were thoroughly passed through the column. Bound
lectin was then obtained by elution with 0.2 M Dgalactose in BIS. The absorbancy of bounded lectin
(A280: 0,196) was higher than that of other unbounded
proteins. As there was no hemagglutination activity of
bounded lectin and other unbounded protein samples, the
samples were dialyzed against BIS to remove galactose
(at 4ºC, 24 h). After dialization, lectin hemagglutinated
the chicken eryhtrocytes (1:16 titer), whereas other
unbounded proteins had no hemagglutination activity
(Fig. 1).

Purified lectin from A. segetum was examined by
TEM. The lectin displayed a reticular structure (Fig. 6).
These uniform reticular structures were observed
throughout the area of grid specimens. This reticular
structure consisted of tandemly aligned spherical basic
units (Fig. 7). The basic units were quite uniform in size,
giving an average dimension of 1.82 mm width.

The lectin was also purified on a Superdex-200 gel
filtration column to obtains the results of the lectin
purification (on a Sepharose-4B column). Following the
application of A. segetum hemolymph (hemagglutination
activity was 1:32 titer to the chicken erythrocytes) to the
Superdex-200 column, fractions were obtained after
elution with BIS. Four protein peaks (I to IV) were
separated
under
high
pressure
(pH:
7.9).
Hemagglutination activity was detected only in peak I (1:8
titer) (Fig. 2). In addition, absorbancy (at 280 nm) of the
first protein peak was determined to be 1.373 (Fig. 2).

Discussion
Known molecular weights of all lectins of
invertebrates vary from 26,000 to 1,500,000 (2-4,6,810,18,19). These variations in molecular weight may be
due to different invertebrate species, methods of
purification and analysis of agglutinins, and varied
protocols undertaken by different laboratories.

Purified lectins on Sepharose-4B affinity
chromatography and Superdex-200 gel filtration columns
from A. segetum were examined by electrophoresis in
SDS polyacrylamide gel. In the presence of SDS the lectin
migrated as a single protein band of 69,000 molecular
weight (Fig. 3). Upon reduction with 2- mercaptoethanol
the 69,000 molecular weight band also appeared (Fig. 4).
This state shows that purified lectin did not separate into
subunits despite reducing 2-Mercaptoethanol.
BIS (pH 7.9)

BIS+0.2M Gal.

0.25

Due to the fact that A. segetum was an insect species,
it was compared to other insect species with respect to
molecular weight and its subunits. Sarcophaga peregrina
showed 190,000 mol. wt. on SDS-PAGE. Because of 2mercaptoethanol and 1% SDS, the lectin showed four α
subunits of mol. wt. 32,000 and two β subunits of mol.
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wt. 30,000 (18). The molecular weight of the lectin of
Melanoplus sanguinipes was detected in the range of
600,000-700,000 on SDS-PAGE and gel filtration (2).
Subunits (70,000 mol. wt.) of this lectin showed two
polypeptide chains with disulfide bonds (40,000 and
28,000 of mol. wt.). The molecular weight of lectin
purified from Periplaneta americana was detected to be
1,500,000 as well as 30,000 of molecular weight
subunit on SDS-PAGE. This lectin is the largest in
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Figure 4.
SDS-PAGE of purified lectin from A. segetum.
Lane 1. Mol. wt. markers as shown in Materials and Methods
Lane 2. Reduced sample (2-mecaptoethanol) of purified lectin on
Sepharose-4B column.
Lane 3. Nonreduced sample of purified lectin on Sepharose-4B.
Lane 4. Reduced sample (2- Mercaptoethanol) of purified lectin on
Superdex-200 column.
Lane 5. Nonreduced sample of purified lectin on Superdex-200 column

molecular weight of other insect species. So far reported
insects were not moths. The molecular weights and the
subunits of this insect were large whereas the molecular
weight of lectin from A. segetum was 69,000 and had no
subunit. This situation is evidence for A. segetum being a
different species systematically.
Lectins of several lepidopteran species were purifed
and determined for molecular weight and subunits
(4,8,10,11). According to the literature, both molecular
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Figure 5. Molecular weight determination of purified lectin by gel
filtration on Superdex-200 column. The column was
calibrated with phosphorylase-b (974,000), albumin
(66,000), ovalbumin (45,000), carbonic anhydrase
(29,000). a-Determination volumes of marker proteins and
purified lectin at absorbancy (280 nm). b-Estimation of
molecular weight of lectin on Superdex-200 gel filtration.
Ve: Volume of eluted marker proteins and purified lectins,
V0: Volume of BIS (in graph b).

weights and subunits are variable among insects.
Molecular weights and subunits of lectin for these insects
are 380,000 and 38,000 subunits for Antheraea pernyi
(4); 130,000 and 32,000 subunits (bounded noncovalent bounds) for Calliphora vomitoria (8); 160,000
and 41,000 α-subunit and 38,000 β-subunit for
Hyalophora cecropia (10); 100,000–700,000 and
32,200-34,400 two subunits for Spodoptera exigua
(11). The molecular weight of A. segetum is the lowest
among the other lepidopterans. In addition, the purified
lectin of A. segetum has no subunit, despite its reducing
condition (2-mercaptoethanol) on SDS-PAGE. The
molecular weight of A. segetum lectin indicates a
different species among the other lepidopteran species.
Suzuki and Natori (9) reported that hemolymph lectin
from the fifth instar larvae of Bombyx mori was partially

Figure 7. Structure details of basic units of purified lectin. X 68,500

purified by gel filtration on Sephacryl S-300. The purified
lectin was of 260,000 molecular weight. The research
pointed out that the protein had no subunits, although
despite presence of SDS and 2-mercaptoethanol on SDSPAGE. Amanai et al. (6) studied the hemolymph lectin of
the fifth instar larvae of the same insect. The lectin was
purified on 30% saturated ammonium sulfate
fractionation. In contrast, Suzuki and Natori (9) and
Amanai et al.(6) detected that the molecular weight of
lectin of Bombyx mori was 350,000. Under the reducing
conditions (1% SDS and 2-Mercaptoethanol) the lectin
had no subunits on SDS-PAGE (6). The difference
between the molecular weights of the same insects may
be due to the preparation procedures. Although A.
segetum is a lepidopteran species, the molecular weight
of purified lectin is lower (69,000) than that of Bombyx
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mori. This may be a different species of insect. However,
the lack of subunits of each purified lectin is common.
The lectin molecules of A. segetum appeared to be a
reticular structure composed of repeating units of
spherical structure. This structure is completely different
from those of invertebrate lectins of Periplaneta
americana (American cockroach), Anthocidaris crassispina
(sea urchin), and Limulus polyphemus (horseshoe crab),
which have a rod structure, butterfly-like shape and a
ring structure respectively (3,20,22). The lectin structure
of Geodia cydonium (sponge) were observed in large
three-dimensional clumps in the presence of Ca2+ from 1
µM to 10 (23). Research (23) visualized that this
structure (spherical particles) formed and frequently

associates into pearl chains. We and other authors
(3,20,22,23) observed that the lectin structure of
invertebrates is commonly formed from repeats of basic
units.
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